We identify a set of 18 solar analogs among the seismic sample of solar-like stars observed by the Kepler satellite rotating between 10 and 40 days. This set is constructed using the asteroseismic stellar properties derived using either the global oscillation properties or the individual acoustic frequencies. We measure the magnetic activity properties of these stars using observations collected by the photometric Kepler satellite and by the ground-based, high-resolution Hermes spectrograph mounted on the mercator telescope. The photospheric (S ph ) and chromospheric (S index) magnetic activity levels of these seismic solar analogs are estimated and compared in relation to the solar activity. We show that the activity of the Sun is comparable to the activity of the seismic solar analogs, within the maximum-to-minimum temporal variations of the 11-year solar activity cycle 23. In agreement with previous studies, the youngest stars and fastest rotators in our sample are actually the most active. The activity of stars older than the Sun seems to not evolve much with age. Furthermore, the comparison of the photospheric, S ph , with the well-established chromospheric, S index, indicates that the S ph index can be used to provide a suitable magnetic activity proxy which can be easily estimated for a large number of stars from space photometric observations.
Introduction
The Sun is a G-type star with a quasi-periodic 11-year magnetic activity cycle that is most apparent in the rise and fall of the occurrence of small regions of strong magnetic field which appear as dark spots on the surface in the visible wavelengths (Hathaway 2015, and references therein) . This behavior is believed to be the result of an internal dynamo process driven by the rotational and convective motions of the plasma in the outer convective layers of the star (Charbonneau 2010, and references therein) . Numerous physical models have been proposed to govern the amplification and reconfiguration of global-scale toroidal and poloidal field components in the observed cyclic fashion, yet as of today no ab initio physical model exists which can explain all of the variety of behavior in the sunspot cycle, and parameter- ized/empirical models do not yet reliably predict basic features such as cycle amplitudes or durations (Petrovay 2010, and references therein) .
The question of whether variable magnetic activity occurs in other stars was answered in the affirmative using long-term synoptic observations of the Ca ii H and K lines. Over decades, extensive observational projects at Mount Wilson Observatory (MWO; Wilson 1978; Duncan et al. 1991) and at Lowell Observatory (Hall et al. 2007 ) were dedicated to measure the strength and the modulation of plasma emissions in the stellar chromosphere. These emissions, resulting from the non-thermal heating that occurs in the presence of strong magnetic fields, are quantified through the so-called S (Wilson 1978) and R HK (Noyes et al. 1984) indices. They strongly correlate with the presence of solar plage areas surrounding active regions, and thereby make for excellent proxies of magnetic activity (Keil & Worden 1984) .
With stellar data on magnetic activity, it was then possible to study the operation of dynamos in objects with different fundamental properties, such as mass and rotation rate. The MWO Ca ii H and K data were used to explore the relationship between magnetic activity and rotation, and it was found that stars that rotate faster have higher magnetic activity (Vaughan et al. 1981; Baliunas et al. 1983; Noyes et al. 1984) . In addition, it was observed that activity decreases with stellar ages (Skumanich 1972; Soderblom et al. 1991) . Activity is also sensitive to stellar mass. Indeed, for stars with similar rotation the less massive stars tend to have higher activity (Noyes et al. 1984) . Baliunas et al. (1995) reported the results of 25 years of MWO observations for a set of 111 lower main-sequence stars which revealed a range of long-term variable behavior, from solar-like and shorter cycles, to flat-activity and irregular variables. Saar & Baliunas (1992) and Soon et al. (1993) reported two distinct branches of cycling stars, the "active" and "inactive" branches with respectively a higher and lower number of rotations per cycle. Brandenburg et al. (1998) and Saar & Brandenburg (1999) studied these dynamo branches with a larger sample of stars in terms of dimensionless quantities relevant to mean-field dynamo theory, and Böhm-Vitense (2007) observed that the Sun lies squarely between the two branches in a high-quality subset of the same sample, thus appearing as a peculiar outlier among the cycling stars. In addition, Lockwood et al. (2007) compared the photospheric variability in the visible Strömgren b and y bands to the magnetic activity, and found the Sun to be near the border in activity by which stars are either "spot-dominated" and have visible emission anti-correlated with magnetic activity, and those which are "faculae-dominated" and have a positive correlation. Whether the solar dynamo and the related surface magnetic activity are typical or peculiar remains an open question which can only be answered by the careful study of solar-analog stars. The answer to this question is relevant to dynamo theory, which may have more difficulty explaining the behavior of an outlier.
Finding solar-analog stars with fundamental properties as close as possible to the Sun (Cayrel de Strobel 1996) and studying the characteristics of their surface magnetic activity is a very promising way to understand the solar variability and its associated dynamo processes. Moreover, a more detailed knowledge of the magnetic activity of solar analogs is also important for understanding the evolution of the Sun and its environment in relation to other stars and the habitability of planets. Nevertheless, the identification of solar-analog stars depends on the accuracy of the estimated fundamental stellar parameters. The unprecedented quality of the continuous 4-year photometric observations collected by the Kepler satellite (Borucki et al. 2010) allowed the measurements of acoustic oscillations in hundreds of solar-like stars . Indeed, the addition of asteroseismic data was proven to provide the most accurate fundamental properties that can be derived from stellar modeling today, either from global oscillation properties or from fitted individual frequencies (Mathur et al. 2012; Metcalfe et al. 2014 ), compared to empirical scaling-law relations (Kjeldsen & Bedding 1995) . In the near future, even tighter constraints on stellar parameters will be met with the use of the astrometric observations collected by the GAIA satellite (Perryman et al. 2001) .
Furthermore, the knowledge of the stellar rotation period is a key parameter in order to explain stellar activity (Brun et al. 2015 , and references therein). The passage of spots of different sizes at different latitudes as the star rotates induces a modulation in its luminosity which is used to infer the rotation period of the stars. The measurements of thousands of stellar rotation periods of main-sequence stars (Nielsen et al. 2013; Reinhold & Reiners 2013; McQuillan et al. 2013 McQuillan et al. , 2014 were obtained from the Kepler observations. Accurate periods of surface rotation were also measured for 310 ) of the 540 pulsating solarlike field Kepler stars ) and for 11 (Ceillier et al. 2016 ) of the 27 exoplanet-host stars (Kepler Objects of Interest, KOI) modeled by Silva Aguirre et al. (2015) using asteroseismic measurements. A detailed comparison between the different methods developed to extract the surface rotation can be found in Aigrain et al. (2015) .
Based on the rotation period of the star, Mathur et al. (2014a) defined a photospheric proxy of stellar magnetic variability, called S ph , derived from the analysis of the light-curve fluctuations. Its calculation was adapted from the starspot proxy proposed by García et al. (2010) where they showed that the photometric proxy of the F-type HD 49933 observed by the Convection, Rotation, and planetary Transits (CoRoT; Baglin et al. 2006 ) satellite is correlated with its magnetic activity. As the variability in the light curves can have different origins and timescales (magnetic activity, convection, oscillations, companion), the rotation period needs to be taken into account when calculating a photometric magnetic proxy. The photospheric surface proxy S ph can be thus used to estimate the magnetic activity of the Kepler (Mathur et al. 2014b; García et al. 2014; Salabert et al. 2016) and CoRoT (Ferreira Lopes et al. 2015) targets, where, for instance, spectral observations used to derive established activity proxies (as the S and R HK indices) do not exist and are difficult to obtain for a large number of faint stars. Other photospheric metrics were developed to study the stellar variability in the Kepler data but they do not use the knowledge of the rotation rate in their definition (Basri et al. , 2011 Chaplin et al. 2011; Campante et al. 2014 ).
In addition, Salabert et al. (in prep.) measured the S ph index for the Sun using observations from the Variability of Solar Irrandiance and Gravity Oscillations (VIRGO; Fröhlich et al. 1995) instrument onboard the Solar and Heliospheric Observatory (SoHO; Domingo et al. 1995) spacecraft. The VIRGO instrument is composed of three Sun photometers (SPM) at 402 nm (the blue channel), 500 nm (the green channel), and 862 nm (the red channel). The activity index of the Sun thus derived was shown to be very well correlated with common solar surface activity proxies, such as, among others, the sunspot number, the 10.7-cm radio flux, and the chromospheric Ca K line emission. Such photospheric proxy can be thus used to compare the magnetic activity of the Sun to solar-analog stars observed by Kepler.
In this work, we identify a set of solar analogs as defined in Section 2 and observed by the Kepler satellite among the seismic sample of solar-like stars from Chaplin et al. (2014) . This set is constructed using the asteroseismic stellar properties found in the literature and derived using either the global oscillation properties ) and the individual acoustic frequencies (Mathur et al. 2012; Metcalfe et al. 2014) , and for which a surface rotation period was measured . In Section 3, we describe the set of observations used in this analysis to measure the magnetic activity properties of these stars, i.e. observations collected by the photometric Kepler satellite and by the spectroscopic Hermes instrument Raskin 2011) . In Sections 4 and 5, we respectively estimate the photospheric (S ph ) and chromospheric (S index) magnetic activity levels of these seismic solar analogs, and compare them in relation to the observed solar magnetic activity. We discuss the results in Section 6 and conclude in Section 7.
2. Defining the sample of seismic solar analogs Cayrel de Strobel (1996) provided a definition of a solar analog based on the fundamental parameters of the star such as the mass D. Salabert et al.: Photospheric and chromospheric magnetic activity of seismic solar analogs a The surface stellar rotation periods, P rot , were measured by García et al. (2014) . b The stellar parameters were derived using the global oscillation properties extracted from the one-month Kepler survey mode. c The photometric observations were obtained through the SDSS survey (Pinsonneault et al. 2012) . d The spectroscopic observations were collected with the ESPaDOnS and NARVAL instruments (Bruntt et al. 2012 ). e The stellar parameters were derived using the individual seismic frequencies extracted from the one-month Kepler survey mode and spectroscopic analysis. f The stellar parameters were derived using the individual seismic frequencies extracted from nine-month Kepler time series by Appourchaux et al. (2012) and spectroscopic analysis (Bruntt et al. 2012) . References.
(1) global oscillation properties from one-month data and photometry ; (2) global oscillation properties from one-month data and spectroscopy ; (3) individual acoustic frequencies from one-month data and spectroscopy (Mathur et al. 2012) ; (4) individual acoustic frequencies from nine-month data a and spectroscopy (Metcalfe et al. 2014) . The large frequency separations ∆ν were taken from Chaplin et al. (2014) .
a From Appourchaux et al. (2012) Notes. The two stars indicated by the symbol † are candidates for hosting a planetary system from the Kepler Objects of Interest (KOI) list (source: MAST at https://archive.stsci.edu/kepler/). From the analysis of spectroscopic Hermes observations, Beck et al. (2015) found for KIC 3241581 the following values: T eff = 5769 ± 4 K, log g = 4.39 ± 0.01, M = 1.03 ± 0.10M , and R = 1.08 ± 0.10R , and Salabert et al. (2016) found for KIC 10644253: T eff = 6006 ± 100 K, and log g = 4.3 ± 0.1. and the effective temperature. However, any definition depends on the accuracy of the measured properties and their intrinsic importance in the characterization of a solar analog. Today, asteroseismology combined with high-resolution spectroscopy has allowed to substantially improve the accuracy of the stellar parameters and to reduce their errors (Mathur et al. 2012; Chaplin et al. 2014; Metcalfe et al. 2014) . Furthermore, Chaplin et al. (2011) showed evidences that the magnetic activity inhibits the amplitudes of solar-like oscillations. Indeed, in the case of the Sun, the amplitudes of the acoustic modes decrease by about 15% between solar minimum and maximum for the low-degree modes (see e.g., Salabert et al. 2003 , and references therein), which are the modes detectable in observations of solar-like stars. In consequence, the selection of stars analog to the Sun should include the detection of solar-like oscillations as an additional selection criterium. This is what we called a seismic solar-analog star, thus extending the Cayrel de Strobel (1996)'s definition.
In this work, we also took into account the typical observational asteroseismic and photometric/spectroscopic uncertainties returned on the derived stellar parameters. The mass, M, has indeed to be within ± 10% of the solar mass to which we added 5% which corresponds to the mean errors on the seismic masses derived using individual oscillation frequencies (Metcalfe et al. 2014) . The effective temperature, T eff , has to be within ± 150 K to the solar effective temperature, to which we account for a typical error of 100 K (Bruntt et al. 2012) . The surface gravity, log g, must be within ± 0.3 dex of the solar value. The selection was thus based on the following: (1) 0.85M ≤ M ≤ 1.15M ; (2) 5520 K ≤ T eff ≤ 6030 K; and (3) 4.14 ≤ log g ≤ 4.74. Moreover, we included in the sample only the stars with a measured rotation period to ensure the presence of magnetic activity. In addition, we limited also the selection to stars with a large frequency separation ∆ν ≥ 85 µHz in order to avoid evolved stars. For comparison, ∆ν 135 µHz for the Sun (e.g., Grec et al. 1980) . The values of ∆ν were taken from Chaplin et al. (2014) which were estimated from one month each of the short-cadence (SC) Kepler survey mode. Nonetheless, we checked that consistent values within the error bars were obtained when analyzing the entire SC data collected over the ∼ 4 years of the Kepler mission using the A2Z pipeline . We note also that the solar values were taken to be: T eff = 5777 K and log g = 4.44.
A total of 18 seismic solar analogs were then identified from the photometric Kepler observations of the solar-like oscillators . To do so, we chose the stellar parameters estimated using the individual frequencies whenever available, because they were derived with a better precision (Metcalfe et al. 2014 ). Otherwise we used the results obtained from the analysis of the global oscillation properties. Among these 18 stars, the stellar parameters of 5 of them were derived with the Asteroseismic Modeling Portal (AMP; Metcalfe et al. 2009 ) using individual frequencies and spectroscopy (Mathur et al. 2012; Metcalfe et al. 2014 ). The remaining 13 seismic solar analogs were identified through the stellar parameters derived using grid modeling of the global oscillation properties , for 11 of them combined with the atmospheric properties from the SDSS photometric survey (Pinsonneault et al. 2012) , and for 2 of them with the spectroscopic properties obtained with ESPaDOnS and NARVAL observations (Bruntt et al. 2012) . However, the accuracy on the associated stellar parameters derived with photometry is less than for the ones estimated using spectroscopic analysis. Table 1 summarizes the different literature sources of the stellar parameters of the oscillating solar-like stars used in the initial sample and the associated numbers of identified seismic solar analogs with measured surface rotation, while their corresponding KIC numbers and stellar properties are given in Table 2. The references of the derived stellar parameters used in this work are provided by the column "Ref.": 1 when global oscillation properties and photometry were used ; 2 when global oscillation properties and spectroscopy were used ; 3 and 4 when individual acoustic frequencies and spectroscopy were used, respectively in Mathur et al. (2012) and Metcalfe et al. (2014) . Finally, some seismic solar analogs were identified in more than one literature source, as indicated in the column "Sources". In that case, we favored the stellar parameters estimated with a known better accuracy, whose reference is given in the column "Ref.". We note also that all the 18 seismic solar analogs identified in this work from the Kepler sample rotate between 10 and 40 days, with only 7 stars rotating faster than 20 days. Finally, the crowding factor of the selected stars was checked to be less than 1%, which implies almost no risk of pollution by nearby field stars.
We also note that two of these stars were studied with greater details. A comprehensive differential analysis of Hermes spectroscopic observations of KIC 3241581, with seismic properties similar to the Sun, was performed by Beck et al. (2015) , revealing that this is actually a binary system. Both the photospheric activity and the p-mode oscillation frequencies of the young (1 Gyr-old) solar analog KIC 10644253 were shown to vary with a temporal modulation of about 1.5 years (Salabert et al. 2016 ). In addition, two stars, KIC 7296438 and KIC 11127479, are reported as candidates for hosting a planetary system in the KOI list.
Observations

Photometric observations from the Kepler satellite
The long-cadence (LC) observations of temporal sampling of 29.4244 min collected by the Kepler satellite over almost the entire duration of the mission from 2009 June 20 (Quarter 2, hereafter Q2) to 2013 May 11 (Q17) (i.e., a total of 1422 days) were used in this analysis. The two first quarters Q0 (∼ 10 days) and Q1 (∼ 33 days) were dropped because of calibration problems since it is performed quarter by quarter. All the light curves were corrected for instrumental problems using the Kepler Asteroseismic Data Analysis and Calibration Software (KADACS, García et al. 2011 ). The time series were then high-pass filtered in a quarter by quarter basis using a triangular smooth function with a cut off of 55 days (see Appendix A regarding the choice of the filter). The signature of photospheric magnetic activity can be thus inferred by studying the temporal fluctuations of the light curves.
Spectroscopic observations from the Hermes instrument
Complementary high-resolution spectroscopic observations (R = 85 000) of the 18 identified seismic solar analogs were obtained with the Hermes spectrograph, mounted to the 1.2-m Mercator telescope at the Observatorio del Roque de los Muchachos (La Palma, Canary Islands, Spain). For 16 of the stars, the Hermes observations were performed over two observing runs of three days each in June and July 2015, covering a temporal interval, ∆T, of about 35 days. The 2 other targets, KIC 3241581 and KIC 10644253, were put on a long-term monitoring program with the Hermes spectrograph and thus longer temporal coverages are available (Beck et al. 2015; Salabert et al. 2016) . Observations between April 2014 and September 2015 (∆T = 504 days) and between March 2015 and September 2015 (∆T = 180 days) were respectively used in this analysis. Details are provided in Table 3 . The data reduction of the raw observations was performed with the instrument-specific pipeline . The covered wavelength range is between 375 and 900 nm. The radial velocity, RV, was measured for each individual spectrum with a cross-correlation analysis using the G2-mask in the Hermes pipeline toolbox. See Beck et al. (2015) for more details regarding the data processing of the Hermes observations.
Given the sparse sampling and the limited period of time, only stars with a maximum difference in radial velocity, ∆RV, of more than 1 km s −1 are considered as binary candidates. Besides the confirmed binary KIC 3241581 (Beck et al. 2015) , three additional stars exceed this limit: KIC 4914923, KIC 7296438, and KIC 9098294 (see Table 4 ). The KIC 7296438 and KIC 9098294 systems are however the most noticeable with a ∆RV of 16.57 km s −1 and of 41.35 km s −1 respectively. Moreover, none of these three systems shows eclipses or tidally induced flux modulation in their light curve. We also note that the system KIC 7296438 is listed as a planetary host candidate (see Table 2 ). However, the detected variation in RV is only compatible with a stellar binary and not with a companion of substellar Article number, page 4 of 13 Notes. The surface rotation periods, P rot , were measured by García et al. (2014) from the Kepler observations. The columns ∆T and N spec corresponds respectively to the interval of time covered by the Hermes observations and the associated number of analyzed spectra. The two stars indicated by the symbol † are candidates for hosting a planetary system from the Kepler Objects of Interest (KOI) list (source: MAST at https://archive.stsci.edu/kepler/).
a In the case of KIC 7296438, three Hermes spectra were collected, but only one spectrum has a S/N high enough to measure the S index. mass. Moreover, the spectroscopic data suggest that there could be other long periodic binary systems in our sample but they are close to our current significance threshold. Therefore, more data are needed to verify the binary nature of those systems (Beck et al., in prep.) . Nonetheless, we found that the magnetic activity of the detected binaries do not differ from the one derived for single field stars (see Table 3 ). A detailed discussion of the observation of binary stars with solar-like oscillating primaries detected with the Hermes spectrograph can be found in Beck et al. (2014) .
Photospheric magnetic activity
4.1. The S ph proxy
The photospheric activity proxy, S ph , is a measurement of stellar magnetic variability derived by means of the surface rotation, P rot (Mathur et al. 2014b; García et al. 2014; Ferreira Lopes et al. 2015; Salabert et al. 2016) . We recall that the surface rotation can be inferred through the periodic luminosity fluctuations induced by the passage of spots in the line of sight (see e.g., Nielsen et al. 2013; Reinhold & Reiners 2013; McQuillan et al. 2013 McQuillan et al. , 2014 García et al. 2014) . The S ph proxy is defined as the mean value of the light curve fluctuations estimated as the standard deviations calculated over subseries of length 5×P rot . In this way, Mathur et al. (2014a) demonstrated that most of the measured variability is only related to the magnetism (i.e. the spots) and not to the other sources of variability at different timescales, such as convective motions, oscillations, stellar companion, or instrumental problems. However, we note that such proxy represents a lower limit of the stellar photospheric activity because it depends on the inclination angle of the rotation axis in relation to the line of sight. This is also assuming that the development of the latitudinal distribution of the starspots is comparable to the one observed for the Sun, i.e. from mid to low latitudes, which would underestimate the S ph for highly inclined stars. Finally, the error on S ph was returned as the standard error of the mean value.
Relation with rotation and age
The values of the photospheric activity proxy, S ph , of the 18 seismic solar analogs were then measured over 1422 days of Kepler observations. We used here the rotation periods, P rot , estimated by García et al. (2014) . The magnitude correction of the photon noise provided by Jenkins et al. (2010) was then applied to the S ph for each of the analyzed star. The measured S ph are given in Table 3 , which summarizes the results of the magnetic activity properties of these stars. The left panel of Fig. 1 shows on a y-log scale the photospheric magnetic activity levels, S ph , of the 18 seismic solar analogs as a function of their rotational periods, P rot . The color and symbol codes correspond to the different sources of observations used to derive the stellar parameters, as described in Table 2 : (1) green upside down triangles: global oscillation properties and photometry ; (2) blue squares: global oscillation properties and spec- . The position of the Sun is also indicated for an age of 4.567 Gyr. The size of the symbols is inversely proportional to the rotation period, P rot . In both panels, each star is referred by the same number as given in Tables 2 and 3. troscopy ; (3) orange triangles: one-month individual acoustic frequencies and spectroscopy (Mathur et al. 2012) ; and (4) red dots: nine-month individual acoustic frequencies fitted by Appourchaux et al. (2012) and spectroscopy (Metcalfe et al. 2014).
The mean value of the photospheric activity level of the Sun, S ph, Cycle 23 = 189.9 ± 0.5 ppm, calculated from the observations collected by the VIRGO/SPM photometers covering the entire cycle 23 (1996 -2008) for a equatorial rotation P rot, = 25 days is also indicated (Salabert at al., in prep.) . We only used data covering cycle 23, because during the unusually deep and extended activity minimum of cycle 24, the Sun reached activity values considerably lower than in any of its previously observed minima (see Hathaway 2015, and references therein) . In order to monitor the long-lived features on the solar surface, the VIRGO/SPM data were processed through the KADACS pipeline as described in Section 3.1. A composite photometric time series obtained by combining the observations from the green and red channels was used. Indeed, the Kepler broad bandpass includes these two channels at 500 and 862 nm respectively ). In addition, the horizontal lines correspond to the photospheric magnetic activity levels of the Sun estimated at minimum and maximum of cycle 23, respectively S ph, Min 23 = 67.4 ± 0.2 ppm and S ph, Max 24 = 314.5 ± 0.8 ppm. These values were reported on Fig. 1 .
The photospheric activity level of the identified seismic solar analogs falls for most of them (15 out of 18) within the range of activity covered between the minimum and the maximum of the solar cycle. Two stars with a rotation period of about 10 days are more active than the Sun at its maximum: KIC 5774694 and KIC 10644253 with respective magnetic photospheric activity of 8 × S ph,Max and 2 × S ph,Max . Only one analog, KIC 7680114, with a rotation period comparable to the Sun, is observed to have a photospheric activity slightly lower than the Sun at its minimum of the magnetic cycle by about 0.7 × S ph,Min .
The right panel of Fig. 1 shows for the same set of 18 stars the measured photospheric activity levels, S ph , as a function of their seismic ages (taken from Mathur et al. 2012; Chaplin et al. 2014; Metcalfe et al. 2014 , and reported in Table 2 ) compared to the Sun. The color code is the same as in the left panel of Fig. 1 but the size of the symbols is inversely proportional to the surface rotation period, P rot . We note the large differences in the uncertainties of the age estimates depending on the applied method to derive them (see Metcalfe et al. 2014) . It is also worth noticing that stars between 2 and 5 Gyr-old are missing in our sample. Nevertheless, the position of the Sun indicates that its photospheric activity is compatible with older solar analogs. Although the Kepler seismic sample contains only few stars younger than the Sun (Mathur et al. 2012; Chaplin et al. 2014; Metcalfe et al. 2014) , our results show that the two youngest seismic solar analogs in our sample below 2 Gyr-old are actually the most active, as well as being the fastest rotating stars as mentioned above: KIC 5774694 and KIC 10644253. Furthermore, the photospheric activity of stars older than the Sun seems to not evolve much with age. Pace (2013) studied the chromospheric activity of field dwarf stars as an age indicator, and showed that it stops decaying for stars older than 2 Gyr-old. The photospheric activity of the solar analogs analyzed in this work is observed to be comparable to the Sun after 2 Gyr-old within the minimum-tomaximum range of the solar cycle, given the uncertainties on the age estimates and the limited size of our sample. This is also assuming that our sample is not too biased towards stars observed during periods of low activity of their magnetic cycles, or that they are not in an extended cycle. Nevertheless, observations of additional solar analogs younger than the Sun are needed to fill the range of ages below 5 Gyr-old.
Dependence on the inclination angle
In the case of the Sun, spots are preferably formed between ± 55
• of latitude and appear closer and closer to the equator as the cycle progresses. This temporal and latitudinal development of sunspots is illustrated by the so-called butterfly diagram. In solar-like stars, preliminary observations of the spatial distribution of magnetic fields are accessible with spectropolarimetric data (see e.g., Alvarado-Gómez et al. 2015; Folsom et al. 2016 , and references therein). Nevertheless, in photometric observations, the signature of temporal magnetic fluctuations is dependent on the line of sight in relation to the inclination angle of the rotation axis of the star. The estimation of the inclination angle requires three independent observables: the projected rotational velocity, υ sin i, the rotation period, P rot , and the modeldependent radius, R. These three parameters are measured with intrinsic and different accuracy with varying associated uncertainties. This thus makes difficult to have accurate estimates of the inclination of the rotation axis with satisfactory error bars in order to be able to calibrate the photospheric proxy, S ph , with the angle. Bruntt et al. (2012) and Molenda-Żakowicz et al. (2013) provided υ sin i values measured from spectroscopic observations for some of our Kepler sample of seismic solar analogs, but unfortunately with large uncertainties. Asteroseismic estimates of υ sin i were also obtained by Doyle et al. (2014) through the peak-fitting analysis of the oscillation modes for some of the stars studied here. Moreover, more accurate estimates of the asteroseismic υ sin i will be derived for fast rotators as the rotational splittings between the mode components will be larger, while for slow rotators like the Sun, it is very challenging to determine (Ballot et al. 2008) .
Most of the stars in our Kepler sample of solar analogs can be considered as slow rotators. Only three stars spin in less than 15 days. In the case of KIC 10644253, the fastest rotator studied here (P rot = 10.9 days), three independent values of its projected velocity were estimated from both spectroscopic (Bruntt et al. 2012; Salabert et al. 2016 ) and asteroseismic (Doyle et al. 2014) observations. They all suggest that this 1 Gyr-old, young Sun is likely to be observed along a close pole-on angle. In consequence, the associated measured photospheric activity level, S ph , is most probably underestimated and should be considered as a lower limit. For the second faster rotator (P rot = 12.1 days) and most active star in our sample, KIC 5774694, only one spectroscopic measurement from Bruntt et al. (2012) is available, which suggests that this star is observed close to its equatorial plan. For the third one, KIC 9049593 (P rot = 12.4 days), no υ sin i measurement was unfortunately found in the literature.
Chromospheric magnetic activity
Deriving the S index from the Hermes observations
The chromospheric activity is typically quantified through the classical S index, as defined by Wilson (1978) . This formalism measures the strength of the plasma emission in the cores of the Ca ii H and K lines in the near ultra violet (UV). The result is dependent on the instrumental resolution but also on the spectral type of the star. We note however that the selected sample of stars was chosen for all having comparable stellar properties to the Sun. The estimated values of the S index can be thus safely compared between each others and with the Sun as well. As an illustration, Fig. 2 shows the differences in the Ca K line in the case of two stars with different levels of magnetic activity and ages. The represented solar analogs observed with the Her- mes spectrograph are the young and active KIC 5774694 (red), and the more evolved, less active KIC 4914923 (blue). The solar spectrum obtained with the Hermes instrument in April 2015 (Beck et al. 2015 ) is also shown for comparison (black). Furthermore, from observations collected with the Hermes spectrograph of G2-type stars present in the catalog of the Mount Wilson Observatory (MWO, Duncan et al. 1991) , Beck et al. (2015) determined the instrumental factor to scale the S index derived with Hermes into the MWO system to be α = 23 ± 2.
The values of the S index measured for the 18 seismic solar analogs and converted into the MWO system are reported in Table 3 . For each star, the S index was obtained by taking the mean value of the S indices calculated for each unnormalized individual spectrum, while the quoted uncertainties correspond to their associated dispersion. Except for KIC 3241581 (∆T = 504 days) and KIC 10644253 (∆T = 180 days), the Hermes observations analyzed here cover a period ∆T of about 35 days over two observing runs (see Section 3.2). Over such short interval of time, the scatter between spectra will be mainly related to the instrumental systematics and the weather conditions, while the possible signature of temporal magnetic variations would remain smaller. We note also that in the case of two stars, only one spectrum could be used and that in consequence no dispersion on their S index is quoted in Table 3 . Furthermore, to characterize the quality of the individual observations, the signalto-noise ratio in the near UV, S/N(Ca), was estimated for each spectrum at the centre of the 90 th échelle order at about 400 nm. The mean values of S/N(Ca) are also given in Table 3 . We found that the 5 stars with an observed S/N(Ca) < 15 show larger dispersions of their measured S index, unlike the 13 stars which higher S/N(Ca). This empirical threshold in S/N(Ca) provides the limit for which the observational and stellar noise dominate the outcome of the S formalism.
Comparison with previous measurements
Three stars of our Kepler sample were observed with the Nordic Optical Telescope (NOT) over the period 2010-2012 and their Table 5 . Comparison of the S-index values with the ones measured by Karoff et al. (2013) and Isaacson & Fischer (2010) .
KIC
(1) S index measured by Karoff et al. (2013) . One of these stars was also measured in 2010 as part of the sample by the California Planet Search program (Isaacson & Fischer 2010) . The corresponding values are given in Table 5 and compared to the ones measured in this work with the Hermes spectrograph in June-July 2015. However, we need to keep in mind that the comparison of the S index derived from different spectrographs is affected by the associated observational, instrumental, and methodological uncertainties as well as by the corresponding derived instrumental scale factor. For KIC 4914923 and KIC 9098294, the two candidates for a binary system detected in this work (see Table 4 ), the values of the S index reported by Karoff et al. (2013) are smaller than the ones measured here, which would indicate an increase of their magnetic activity in the last few years of about 23% and 35% respectively. The case of the system KIC 9098294 is particularly intriguing because a relatively large variation in radial velocity (∆RV = 41.35 km s −1 ) was measured here within a short period of time (35 days), which is comparable to the variation found in the set of eccentric binary systems studied with the Hermes spectrograph by Beck et al. (2014) . At the current moment and without the knowledge of the orbital period and the eccentricity of this system, it can only be speculated if the observed variation in the S index between the measurements from Karoff et al. (2013) and this study is connected and modulated with the binarity. Further monitoring is thus needed. On the other hand, the activity of KIC 6116048 seems to have remained stable, as consistent S-index values are obtained for the three measurements taken five years apart.
Discussion
Comparison between S ph and S index
The photospheric S ph activity proxy can be easily and quickly calculated from existing space photometric observations for a large number of stars observed simultaneously. Moreover, the available observations offer a length of time sufficient enough to cover periods longer than five stellar rotation necessary to measure the S ph . The estimation of a reliable value of the chromospheric S index is however more complex as it requires an important investment in telescope time to acquire enough groundbased spectroscopic observations for each individual target. Furthermore, this is more complicated for these rather faint photometric targets. Additionally, these two proxies measure activity in different stellar regions. It is thus important to understand the relation between the S index and the S ph by comparing the behavior of these two proxies for a common set of stars.
The comparison between the photospheric S ph and chromospheric S-index magnetic activity proxies derived from the Kepler and Hermes observations respectively is shown on Fig. 3 for the subset of 13 solar analogs with a S/N(Ca) > 15 in the spectro- Tables 2 and 3. scopic data (see Section 5.1). The same color and symbol codes as in Fig. 1 were used, while the size of the symbols is inversely proportional to the rotation period from García et al. (2014) . Faster rotators are then represented with bigger symbols. The mean values at minimum and maximum along the solar cycle of the photospheric (Salabert et al., in prep.) and chromospheric (Egeland et al., in prep.; Hall & Lockwood 2004 ) magnetic activity levels are represented respectively by the vertical and horizontal dashed lines. The resulting activity box corresponds to the range of change in solar activity along the 11-year magnetic cycle. Although the sample of stars is small, Fig. 3 indicates that, within the errors, the S ph and S indices are complementary. We note also that the S ph and S index proxies were not estimated from contemporaneous Kepler and Hermes observations, introducing a dispersion related to possible temporal variations in the stellar activity. Furthermore, the S ph proxy corresponds to a mean activity level averaged over a long period of time -1422 days of the Kepler observations between 2009 and 2013 -, while the S-index proxy measures the stellar activity over a shorter temporal snapshot. In addition, we recall that the S ph is dependent on the inclination angle and represents a lower limit of the photospheric activity. However, it confirms that the S ph can accompany the classical S index for activity studies.
Temporal variability in KIC 3241581 and KIC 10644253
In the case of KIC 3241581 and KIC 10644253, for which the time interval, ∆T, of the Hermes observations cover several months, we checked for any possible temporal variations of the S index which could be related with variations measured in the S ph . For these two stars, the photospheric S ph shows a clear modulation as a function of time (Fig. 4) and the associated LombScargle periodograms return a main period of about 394 days for KIC 3241581 and of 582 days for KIC 10644253, the latter being already discussed in Salabert et al. (2016) along comparable variations in the p-mode frequency shifts. The ∼ 1.1-year variations in KIC 3241581 at a rotation period comparable to the Sun may be analogous to the solar quasi-biennial oscillation observed in various activity proxies (see, e.g., Bazilevskaya et al. 2014 , and references therein). Although the associated modulation of about 200 ppm is relatively large, it is however close to the Kepler orbital period. Even though that seems unlikely, we cannot rule out yet any pollution related to the Kepler orbit. The ∼ 1.6-year variations in the young 1-Gyr-old KIC 10644253 at a rotation period ∼ 11 days previously observed by Salabert et al. (2016) is analogous to what is found by Egeland et al. (2015) in the Mount Wilson star HD 30495, having very close stellar properties and falling on the inactive branch reported by Böhm-Vitense (2007) .
The associated individual measurements of the S index obtained with the Hermes observations few years after the end of the Kepler mission are represented by the dots on Fig. 4 . For both stars, we have also overplotted a sine function calculated using the periodicities given by the Lomb-Scargle analysis above and centered around the first modulation of the S ph . Although this is only qualitative and that it could be related to the intrinsic Hermes instrumental and observational scatter, the S-index values for KIC 3241581 show however striking variations which appear to be in close temporal phase with the S ph during two consecutive periods of increasing activity. Only additional spectroscopic observations could confirm these variations in the S index, mainly during periods associated to a possible decreasing phase of activity based on S ph . For KIC 10644253, a longer time interval is required because the main periodicity measured in the S ph is larger than the Hermes observations analyzed here.
The case of the Sun
To better understand the relation between the photospheric and chromospheric magnetic activity of the solar analogs represented in Fig. 3 , we compared the temporal variations of both quantities in the case of the Sun along its 11-year activity cycle. Unfortunately, no publicly long-term monitoring of the solar S index is available. Several scaling relationships were derived to convert the chromospheric Ca K-line emission index of the Sun into S index (e.g., Duncan et al. 1991; White et al. 1992; Radick et al. 1998 ), but they provide different estimates of the solar minima and cycle amplitudes (within 10% and 4% respectively). We thus decided to compare the photospheric S ph, proxy of the Sun directly to the Ca K-line emission index measured at Sacramento Peak/National Solar Observatory facility 1 . Figure 5 shows the solar Ca K-line emission index as a function on a xlog scale of the corresponding S ph, calculated from the photometric VIRGO/SPM observations. The period covered corresponds to the entire solar cycle 23 (1996 -2008) as in Sec. 4 and Figs. 1 and 3. The nearly daily measurements of Ca K were averaged over the same subseries used to estimate the solar S ph, (i.e. 5 × P rot, = 125 days with P rot, = 25 days). For illustrative purpose on Fig. 5 , the data points were smoothed over a period of 1 year. The individual data points before smoothing are shown in light gray. The start of each year is also indicated. The relationship between the two proxies varies between the rising and falling phases of the solar cycle following an hysteresis pattern. Moreover, a saturation in chromospheric activity is observable during the unusual long and deep activity minimum of cycle 23, which could be associated to the basal chromospheric component as observed in inactive stars and in the quiet Sun (e.g., Schrijver et al. 1989; Schröder et al. 2012; Stenflo 2012) . However, this saturation is interestingly not visible in the photospheric activity of the Sun, S ph, . Nonetheless, such hysteresis has been observed in a wide range of solar observations between photospheric and chromospheric activity proxies, as well as with the p-mode frequency shifts (e.g. Bachmann & White 1994; Jiménez-Reyes et al. 1998; Tripathy et al. 2001; Özgüç et al. 2012) . Finally, Fig. 5 supports the complementarity between the photospheric, S ph , and chromospheric, S index, proxies observed for the solar analogs in Fig. 3. 
Comparison with Mount Wilson FGK stars
Furthermore, in order to place our sample into context, we assembled a catalog of solar-analog stars with measured Ca ii H and K activity and rotation from the FGK stars observed with the Mount Wilson program Donahue et al. 1996) . In case where measurements were available in both works, values from Donahue et al. (1996) were used. These works give activity averages from synoptic time series lasting up to 30 years. The values of S from our Kepler sample and the MWO stars were converted into the chromospheric emission fraction, R HK , using the prescription of Noyes et al. (1984) , based on Tycho-2 (B − V) measurements (see Table 3 ). The associated uncertainties were derived using standard error propagation methods. The index, R HK , removes the photospheric contribution to the Ca ii H and K bands. The Tycho-2 photometry catalogue was obtained from Hipparcos by Høg et al. (2000) . A rough selection of solar-analog stars was made by transforming the published (B − V) color index into effective temperature using the scaling relation from Noyes et al. (1984, Eq. 2): log T eff = 3.908 − 0.234 × (B − V), and applying the same selection criterium in effective temperature used for the Kepler sample, i.e., 5520 K ≤ T eff ≤ 6030 K. The final catalog contains 28 MWO solar analogs. Figure 6 shows the R HK activity proxy of the MWO and Kepler solar analogs as a function of their rotation periods. The rotational modulation of the MWO stars was measured directly from their S-index time series using a Lomb-Scargle periodogram on bins containing seasonal observations from 150-200 days in length (Donahue et al. 1996) . Only the subset of the 13 Kepler solar analogs with a spectroscopic S/N(Ca) > 15 (see Section 5.1) is represented. ied here, within the maximum-to-minimum activity variations of the Sun during the 11-year cycle. As expected, the youngest and fastest rotating stars are observed to actually be the most active of our Kepler sample, while the activity of stars older than the Sun seems to not evolve much with age.
Furthermore, the comparison of the photospheric S ph with the well-established chromospheric S index shows that the S ph index can be used to provide a suitable magnetic activity proxy. Moreover, it can be easily estimated for a large number of stars with known surface rotation observed simultaneously with photometric space missions whose durations cover periods of time longer than five stellar rotation needed to measure the Sph. On the other hand, the estimation of the associated S index would be highly difficult to achieve as it would require a lot of time of ground-based telescopes to collect enough spectroscopic data for each individual target. Moreover, these photometric targets are rather faint for spectroscopy observations. Nevertheless, we need to keep in mind that such a photospheric proxy provides a lower limit of the stellar activity because it is dependent on the inclination angle of the rotation axis in respect to the line of sight. This is assuming as well that the starspots are formed over comparable ranges of latitude as in the Sun. Accurate estimates of the inclination angles will be then of great importance in order to provide tighter constraints on the stellar magnetic activity for gyro-magnetochronology studies. 
